The elliptic flow v 2 of thermal photons at midrapidity in Au+Au collisions at
Bulk evolution, thermal photons, and elliptic flow
In our calculation, a full 3D ideal hydrodynamic calculation is employed to describe the 
31
Transverse momentum spectra of thermal photons can be written as
with Γ(E * , T ) being the Lorentz invariant thermal photons emission rate,
being the volume-element, the integration is done from the initial time τ 0 to the freeze-out, and 34 E * = p µ u µ the photon energy in the local rest frame. More details can be found in [4] .
35
The elliptic flow is quantified by the second harmonic coefficient v 2
where φ is the azimuthal angle of photon's momentum with respect to the reaction plane.
37
The p t dependence of the triple differential spectra is strongly affected by the flow u through , are defined as
where · · · stands for energy-density-weighted space-time average, v x and v y are the flow ve-44 locity components along x-axis and y-axis, respectively. From Table 1 , we see that the mean 45 radial flow increases with centrality from 0-10% (b = 3.2 fm) to 20-30% (b = 7.2 fm), then 46 decreases from 20-30% (b = 7.2 fm) to 60-70% (b = 11.7 fm). On the other hand, the mean flow anisotropy increases with centrality from 0-10% to 60-70% monotonically. The increase lines from top to bottom at p t = 2 GeV/c refer to the centralities 50-60% and 60-70%.
57
For each centrality, the thermal v 2 increases then decreases with increasing p t and a peak 58 appears at p t ∼ 2 GeV/c. This p t dependence is consistent with the prediction based on 2+1D
59
hydrodynamics [1] and explained as the weak transverse flow at the early stage.
60
The centrality dependence is shown clearly in Fig. 2 , where the p t -integrated v 2 is plotted as a 2GeV/c and p t -integrated v 2 reaches maximum at about 50% centrality.
75
The insensitivity of the p t -integrated v 2 to upper p t -integral limit is very useful. In fact if we 76 include all sources of direct photons, the p t -integrated v 2 will not differ much, because of two 2) The v 2 is also very small at higher p t for obvious reason that the main contribution at high p t ,
81
the leading order contribution from nucleon-nucleon collisions, has a vanishing v 2 .
82
So we can predict the p t -integrated v 2 are dominated by thermal photons.
83
The p t -integrated v 2 is very sensitive to the lower integral limit. Experimentally, the smallest 84 measurable p t is up to the detector. Above this value, experimentalist can still vary the lower 85 integral limit of p t to check how reliable the photon emission rate formula is. Theoretically this 86 formula is very close to non-perturbative region and not reliable.
87
Though 3D hydrodynamics provides similar results as from 2D hydrodynamics at midrapid-88 ity, the rapidity dependence will be certainly different, which will be presented later. 
